This paper studies the resource curse phenomenon in China. The "resource curse" is an important claim that the resource-abundant economies grow at a slower pace than the resource-scarce economies do. There are many recent studies that analyze the resource curse phenomenon theoretically and empirically. However, few papers analyze which socio-economic variables determine the resource curse. This paper is different from the previous studies in three aspects: (i) The city-level data is used; (ii) Using the functional coefficient regression model we can take care of city-specific heterogeneity and, at the same time, analyze the transmission mechanism of the curse of recourses; (iii) We construct a variable to estimate the effect of the diffusion processes of the natural resources among cities in the same province. Our empirical results show that there is no evidence to support the statement of resource curse in China. On the other hand, the level of natural resources in a city imposes a significant positive diffusion effect on the economic growth of neighbor city within the same province.
Introduction
Many recent studies try to answer a fundamental question whether natural resource is an important engine of economic growth [Leite and Weidmann, 1999; Papyrakis and Gerlagh, 2004; Rodriguez and Sachs, 1999; Sachs and Warner, 1995 , 1997 . Their common finding is that natural resource-abundant countries have slower economic growth rates than those of natural resource-scarce economies. This phenomenon is referred to the term "resource curse" in the literature, and it is quite widely accepted. However, it is hard to believe that the natural abundance has the direct effect on the low economic growth rates. Therefore, some recent studies analyze which socio-economic variables do generate the negative correlation between economic growth and natural resource abundance [Angrist and Kugler, 2008; Auty, 1990; Gelb, 1988; Gylfason, 2000; Kronenberg, 2004; Papyrakis and Gerlagh, 2004; Sachs and Warner, 1995 among many others] . For examples, Gelb (1988) and Auty (1990) argue that the resource rich countries are likely to pay more attention to the rent-seeking behavior rather than other productive activities. Following Matsuyama's (1992) approach, Sachs and Warner (2001) find that resource-abundant economies put more weights on the natural resource goods rather than manufacturing goods. Eventually, this behavior could keep their economies staying at the low level of economic growth. Gylfason (2000) points out that the level of education is also important factor for the resource curse phenomenon. Kronenber (2004) finds that corruption is the major determinant for the curse of natural resources.
Even though some studies analyze the relationship between economic growth and natural resources and its transmission channels, few consider this problem in a country level, say, many different regions within a country. To our knowledge, Papyrakis and Gerlagh (2007) is the first study analyzing the "resource curse" within a country. They investigate 49 U.S. states and find evidences for the resource curse in U.S. In particular, they find that resource abundance decreases investment, schooling, openness and R&D expenditure and increases corruption. In the similar way, using a panel data, Zhang, Xing, Fan and Luo (2008) study the relationship between resource abundance and regional development in China. They find that Chinese provinces with abundant resources perform worse than their resource-poor counterparts in terms of per capita consumption growth when they consider provinces located inland of China. When they use the whole sample that covers most provinces in China, they cannot support the resource curse in China. Fang, Qi and Zhao (2009) explicitly considers the problem of the "curse of resources" in China. They find that there are no relationship between regional income growth and resource abundance.
Even though some studies, for examples, Papyrakis and Gerlagh (2004, 2007) and Fang, Qi and Zhao (2009) , consider the role of the transmission mechanism empirically, their approach has some crucial drawbacks. In order to estimate the effect of transmission mechanism they consider two different regression equations. From the estimates of these two independent regression models they calculate the effect of transmission mechanism. However, since one cannot construct standard errors of these estimates in an usual way, a classical t-test cannot be performed to check whether considered transmission channels are important for the relationship between resource abundance and regional economic growth. This paper is different from the previous researches in three aspects: (i) Instead of using the province-level data we collect the city-level data and analyze the relationship between resource abundance and regional economic growth. This could provide more interesting and specific features of the relationship; (ii) We use a functional coefficient regression model which turns out quite useful and flexible in our analysis. Using the functional coefficient regression model we can take care of heterogeneity of each city and specify the transmission mechanism between natural resources and the economic growth simultaneously. Thus our model can give more direct interpretation for the role of transmission channels; (iii) Due to China's special governance policy, the diffusion effect of natural resources among cities is of importance and interest for economic and political policies in a particular province. We explicitly construct a variable which represents the diffusion process from resource-rich cities to resource-scarce cities using the difference of natural resource and physical distance between two cities.
Our results show that there is no supportive evidence to the "resource curse" phenomenon in city level of China over the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] for the 95 cities. By applying the functional coefficient regression model, we observe the estimated regression coefficients of natural abundance on economic growth of regional economy are significantly positive when the relative scale of manufacturing industry, innovation (R&D), institutional quality and openness are considered as transmission channels, respectively. Especially, through the channel of manufacture, we find an inverted U-shape relationship between natural resource and economic growth which indicates that one unit of natural resource affects the growth of regional economy differently depending on levels of industrialization. We believe that this result is useful for Chinese policy makers to establish appropriate economic and political policies based on the fact of different degrees of industrialization between inland and coastal regions in China. Moreover, our empirical results for the diffusion effect show that the abundance of natural resources encourages not only the local economic development but also boosts the growth of economy in other cities in the same province, which is consistent with the big-push theory explored by Rosenstein-Rodan (1943) . This diffusion phenomenon is significant through the economic transmission channels such as manufacture, innovation, human capital investment and openness.
The next section provides the model that explains the relationship between resource abundance and economic growth and its estimation method. Section 3 offers our empirical results which verify our main proposition that natural resource abundance is an engine for economic development at a city level in China. Section 3 also focuses on transmission channels of natural resources (manufacturing industry, innovation, human capital investment, institutional quality and openness). Finally, conclusions are followed in Section 4.
The Model

Basic Model
Most empirical studies for analyzing the resource curse consider the linear empirical growth regression model. We start with the basic linear regression model specification:
where on G i , i.e., transmission channels that links the line between economic growth and natural resource abundance. Papyrakis and Gerlagh (2004, 2007) propose a simple method to answer this question.
They consider an additional regression equation given by
where z 1,i is a variable in z i , which is believed to be a link variable between the income growth rate and resource abundance,z i denotes all variables in z i except for z 1,i ,ξ is ξ excluding ξ 1 and µ i denotes a random disturbance term. One can substitute z 1,i of (2) into (1) and obtain
where i = ξ 1 µ i + u i . In equation (3), α 2 is the direct effect of natural resources on growth, ξ 1 β 2 is the indirect effect of natural resources on growth through z 1,i . In this way, Papyrakis and Gerlagh (2004) take care of the 'indirect effect' of the resource abundance on growth rate based on (3).
However, it is clear that parameters in (3) cannot be identified. Thus in order to specify the direct and indirect effects they need to estimate (1) and (2) at the same time. One major problem of the above method is that one cannot obtain the standard error of the indirect effect. Thus one cannot perform a simple inference procedure whether the indirect effect is statistically significant. And, moreover, the suggested method is quite ad-hoc to study the transmission channels.
It is worth noting that z 1,i in (2) is determined by the parameters, β 0 , β 1 and β 2 conditional on the covariates. Thus the above (3) can be written by a general form
where φ k (·), k = 0, 1, 2 andξ(·) are functional coefficients. The model (4) is known as the functional coefficient regression model in the literature. This model has at least two advantages for studying the relationship between natural resources and economic development: (i) The functional coefficient model explicitly incorporates the indirect effect in the model, for example, φ 2 (z 1,i ) represents the causal relationship between natural resources and the grow rate of income is affected by some index variable z 1,i . Thus estimation procedure for two regression models (1) and (2) is not needed; (ii) As we mentioned before, the linear regression model (1) is frequently used in the empirical growth literature. However, such linear specification is due to the assumption of identical aggregate production function of each country (Mankiw, Romer and Weil (1992) ). This homogeneity assumption is hard to be implemented in the real world. However, the coefficients in (4) are different in each country depending on the index variable z 1,i . Thus it can take care of the city-specific heterogeneity within the model (Durlauf, Kourtellos and Minkin (2001) ). With the above reasons we use (4) to analyze the relationship between natural resource abundance and regional economic growth with transmission channels. However, one drawback of the above model is the non-identification problem for the direct and indirect effects separately. This can be taken care of, if possible, assuming a flexible parametric function. However, in this paper, we do not consider this functional specifications to identify the direct and indirect effects, but we estimate φ i (z 1,i ), i = 0, 1, 2 using non-parametric estimation methods.
Diffusion effect
Since the local government in a province has an independent right for the distribution of economic resources including natural resources the interacting behavior among cities in the same province could provide useful information for making policy decisions. Thus it is of interest to see how the economic growth rate of a city is affected by the resource abundance of her neighborhood. For the spill-over effect, Fang, Qi and Zhao (2009) consider the following linear regression model
where D i is a dummy variable, i.e., D i = 1 if city i locates in the province that contains top 10 resource abundant cities out of 96 cities. They argue that there exists a spill-over effect ifα 3 is significant. However, it is not quite clear whether α 3 represents the spill-over effect since D i is nothing but the province dummy variable. Positive significance ofα 3 only tells us that the province in which are resource abundant cities yields higher regional income growth. Thus we can say that D i may not represent diffusion processes among cities in the same province.
For the diffusion effect we may want to check whether "because resource-rich cities in my province are my neighbors, my city is better-off" is true. In order to define the variable that measures the diffusion of natural resource we need to consider the following two things. At first, we need to define the "direction" of the diffusion. The diffusion effect between two cities can be categorized by uni-directional or bi-directional diffusion effect. For simplicity, we assume that only resource-rich cities influence resource-poor cities. However, when two cities in the same neighborhood have similar amount of natural resource, the diffusion process can be bi-directional one. Secondly, we also need to define the "neighborhood" carefully. Denote c mk by a m-th city located in k-th province, m = 1, 2, · · · , M k and k = 1, 2, · · · , K. Since provinces are entitled with relatively independent distribution rights in natural resource, we can set the maximum boundary of neighborhood of m-th city in k-th province by the physical boundary of k-th province, say, P k . For each city m in province k, c mk , we can construct a ball, B mk ∈ P k , which represents the neighborhood of a city c mk . Then for each province k we can define a variable that represents the spill-over phenomenon from city c jk to c mk for j m
where ω j is a distance-based weight given by
notes a distance between cities m and j based on their longitudes and latitudes, R k j denotes natural resource abundance at city j in province k, and 1 {·} is the indicate function. The diffusion variable U mk is nothing but a (asymmetrically) weighted average of difference in natural resource abundance between two cities with pre-specified uni-direction. It can be easily extended to bidirectional weighted function by substituting 1 {R k j >R k m } by 1 {R k j −R k m >κ} for some constant κ. Note that the mixed spatial autoregressive model can be also considered for the above model specification.
The weight matrix of the spatial autoregressive model can be specified using rank information of natural resource abundance. However, it is relatively hard to estimate the mixed spatial autoregressive model due to some computational burdens and endogeneity problem. Thus we use UU m to estimate the diffusion effect in this paper.
Model Estimation
For our empirical analysis we consider the functional coefficient model (4) with an additional covariate U mk in (6):
For the estimation methodology, as suggested by Fan and Gijbels (1996) , one can estimate the coefficient functions {φ j (·)} using the local linear regression method from observation
where
. Assuming φ j (·) has a continuous second derivative, φ j (·) can be approximated locally at z 0 by a linear function γ j (z) ≈ φ j + b j (z − z 0 ). The local linear estimator, {(φ j ,b j )}, minimizes the sum of weighted squares
denotes a kernel function and h > 0 is a bandwidth. Then the local linear estimator at z 0 can be easily calculated bŷ
e j,2p is the 2p × 1 unit vector with 1 at j-th element,X denotes an n × 2p matrix with its i-th
For the selection of bandwidth h, there are some techniques in the non-parametric statistics literature, for example, Ruppert, Sheather and Wand (1995) and Fan and Gijbels (1996) among others. In this paper we use a boundary kernel suggested by Dong and Jiang (2000) to take care of the boudary problem in non-parametric estimation procedure. Their kernel function has three different forms depending on the data. In the central region of the data the kernel function is given by the Epanechnikov
)I(|z| ≤ 1). For both tail parts, boundary kernels are considered to deal with the boundary problem.
One crucial drawback of the above method is that all slope functional coefficients have the same degree of smoothness since they depend only on one bandwidth parameter, h. Thus if {φ j (·)} have difference degrees of smoothness, the above estimators are sub-optimal. In reality, it is always possible that each φ j (·) may have different degree of smoothness. In order to deal with this problem, we adopt a two-step estimation method proposed by Fan and Zhang (1999) . Without loss of generality, let us consider the estimation for the φ p (·) of φ j (·), j = 1, 2, · · · , p. In the first step, the initial (first) estimates of {φ j (·)}, j = 1, 2, · · · , p − 1 are estimated using small enough bandwidth h, which ensures the bias of the estimator is small. From these estimates one can obtain the partial
In the second step one solves the following local cubic problem
where h 2 denotes the second step bandwidth. In the above estimation procedure the choice of the first bandwidth does not affect the final result substantially. Fan and Zhang (1999) show that the two-step estimator has the optimal rate of convergence for the asymptotic mean squared errors, and it always yields better performance than the classical local least square estimator does. In this paper we use the least squares cross-validation method to choose the optimal bandwidth, h 2 , in the second step estimation procedure [Härdle and Marror (1985) and Härdle, Hall and Marror (1992) ].
Empirical Results
Data
We employ the data from volumes of Chinese Statistical Yearbooks and World Bank Report ( Since the appropriate proxy for the abundance of natural resources is essential to the analysis of this paper, it is necessary to discuss how we obtain sufficient information about natural resources on the city level in China. Conventionally, many previous empirical studies provide three options for the measurement of natural resources: natural resource production, natural resource reserves and exports of primary products. However, these options are highly restricted for our study since they are incomplete and limited to access. It is worth stressing that endogeneity is a potential problem in all these options. For example, Stijns (2005) argues that it is possible that reserves data for natural resources depend on economic growth because rich countries are able to investigate their ground longer and in more efficient ways. This paper does not attempt to discuss this possible problem. Alternatively, we use the fraction of mining workers to the total local population to capture resource abundance. This measurement includes nearly all natural resource industries such as oil, coal, and nonferrous metal. Given the availability of the data, we believe that our chosen proxy represents resource abundance as close as possible.
Empirical Results
In case of the provincial level data, Zhang et.al. (2008) show that per capita consumption growth rates of resource-abundant provinces are lower than those of resource-poor counterparts. Since the sample size of provincial data is relatively small they used a pooled regression model to analyze the resource curse in China. In this paper we consider city-level data to study the curse of resource phenomenon in China. Due to the relatively large sample size of the city level data, our study could provide more trustable results for the curse of resources phenomenon in China. Moreover, we also study how the resource abundance of a city affects its neighbor cities' regional economic growth through different transmission channels.
At first, we start with simple linear regression models to check the existence of the resource curse and diffusion effects. We consider six regression models that are special cases of the following model
where Dlandlock i is a dummy variable for a coastal city and Dspecial i denotes a dummy variable representing a municipality directly under the government or a special economic zone or a capital of the province, Xinter i denotes Dlandlock i × log Y 1990,i which also used in Sachs and Warner (1995) , and log Y 1990,i is the logarithm of GDP per capita in 1990.
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The estimation results for six models are reported in Table 1 .
[ Table 1 ]
From Table 1 it is clear that estimated coefficients of Mining i are positive, but they are insignificant except for M6 that includes natural resource variable, Mining i , and spatial diffusion variable, UU i , at the same time. It turns out that Mining i and UU i are both positive and significant. These results support that resource curse phenomenon does not exist, and a positive diffusion effect among cities exists in China. However, the above linear regression models cannot shed some lights on transmission channels that link the line between economic growth and natural resources.
In this paper, we analyze that natural resources are associated with not only economic growth but also some other important economic channels such as manufacturing activities, human capital and openness of the economy. Moreover, the above models impose quite strong homogeneity assumption, for example, each city has the identical production technology. This assumption obviously weakens the validity of the empirical results since it is hard to believe each city has the same production function.
We now turn to the functional coefficient model discussed in Section 2:
where z 1,i is a transmission variable that is commonly used in the literature such as manufacturing activities, R&D, human capital investment, institutional quality and openness (Gylfason, 2001; Matsuyama, 1992; Papyrakis and Gerlagh, 2004, 2007; Sachs and Warner, 1999, 2001 ). Since dummy variables in (8) are insignificant we do not include dummy variables in (9).
We estimate equation (9) with various transmission channels that affect the relationship between resource abundance and the growth of regional economy. As we mentioned before, coefficients of all the variables in our model are varying based on different values of a particular transmission channel, which is different from the classical regression analysis. These varying coefficient estimates help us determine which channels are crucial in the relationship of resource and economic growth. More interestingly, it also tells us precisely that how much influence the channels have on the association of natural resource and local economy.
[ Figure 2 ] Figure 2 shows the estimation results when the relative scale of manufacturing industry is selected as the transmission channel. It is clear that estimated coefficients of Mining i are positive over all range of (log) manufacturing industry. In other words, the result shows that there is no resource curse phenomenon using the city-level data. Moreover, it shows an inverted U-shape which indicates that the unit increase of natural resource affects regional economic growth differently depending on levels of industrialization. Guizhou, Tibet, Gansu and Sichuan (Chen, Huang and Zhong (2006) ). As shown in Table 2 , 4 note that according to our estimation results estimated coefficient of Mining i decreases from the highest value 3.758 gradually to 2 as industrialization indicator log(manu f acture) increases from -3 to -2.
When log(manu f acture) is above -2, estimated coefficient continuously dipped back down to be insignificant even though it is still positive. From our original data, we can find most of highly industrialized cities with log(manu f acture) greater than -2 belong to coastal regions in China, such as Qingdao (-1.82), Shanghai (-1.81), Harbin (-1.66) and Shenzhen (-0.74). For these cities, the positive association between natural resource and local economic growth are given by 1.73, 1.72, 1.45 and 0.32 for Qingdao, Shanghai, Harbin and Shenzhen , respectively, which are quite lower than those of cities with lower level of industrialization.
3 It is common in the literature that the ratio of manufacturing-industry production to the GDP can be considered as a measure for the level of industrialization. 4 To conserve space we do not report all the results for other four transmission channels but these can be obtained from us on request.
Figure 2 also shows that there is a positive diffusion effect when we take log(manu f acture)
as our transmission variable, and moreover, the positive effect declines with the relative scale of manufacturing industry. It is worth stressing that the diffusion variable measures how much the objective city is benefited from its neighbor cities that are richer in abundance of natural resources within the same province. Clearly, our results suggest that resource-richer cities would benefit its neighbor cities depending on the degree of industrialization of neighbor cities. Specifically, when log(manu f acture) is less than -3.6, its effects are higher than 0.02. This result is consistent with the nature of a city's process of industrialization. As we described above, under-industrialized cities are likely to depend more on the resource input due to the non-optimized industrial structure. For example, log(manu f acture) of Tianshui (in Gansu province), Leshan (in Sichuan province) and
Changde (in Hunan province), which come from inland regions, are -3.15, -3.06 and -3.65, respectively. Comparing with the highly industrialized cities, GDP growth of these cities are generated more by natural resources from neighbor cities. Moreover, this diffusion phenomenon can also be of importance to the China's provincial policy since local government has relatively independent rights in administration and distribution of economic resources.
Figures 3 and 4 show results in which R&D and human capital investment are considered as transmission channels, respectively. Note that R&D is obtained by the ratio of R&D related workers to the local population, and human capital investment is measured by the ratio of the number of teachers from primary schools, middle schools and universities to the local population. In Figure   3 , estimated coefficients of Mining i are significantly positive and have an inverted U-shape with respect to the logarithm of R&D. We can say that a city with high value of R&D is likely to have industries with high technology which are the main engine for the local economic growth. Note that a city that has new and high technology industries tends to have developed industrial structure.
Thus natural resource contributes relatively less to the local growth rate when R&D investment is high. However, estimated effect of Mining i is insignificant when we consider log(teacher) as transmission channel (Figure 4 ).
[ Figure 3] [ Figure 4 ]
Regarding economic interplay among neighbor cities, there is a positive evidence that natural resource abundant cities give benefit to their neighbor cities as shown in Figures 3 and 4 . Particularly, it is significant when the values of log(R&D) and log(teacher) are high.
Another indirect transmission channel has been identified in many recent literatures is institutional quality. For example, Leite and Weidmann (1999) claim abundant natural resources increase corruption, and Torvik (2002) indicate that rent seeking behavior can be one major source of channels of resource curse. Figure 5 shows the results when we consider institutional quality as the transmission variable. There is a strong positive relationship between natural resource abundance and local GDP growth. Especially, when the level of institution quality is higher than 0.8, natural resource abundance has high degree of positive effects on the local economy. This clearly shows that high level of institutional quality helps to improve the economic efficiency by creating a sound environment for economic security and development. That is, with high degree of institutional quality, an unit of natural resource may contribute to a rapid increase in local GDP growth due to the decrease of corruption, expropriation and rent-seeking activities. As for diffusion effect, the result shows the positive diffusion effect but it is not statistically significant.
[ Figure 5 ] Finally, Figure 6 provides another evidence against the statement of resource curse phenomenon in China. To get this result, openness has been taken as the transmission variable. It is clear to see that coefficient of Mining i is significantly positive in all the range of log(FDI) which indicates the level of a city's openness in our case. Moreover, there is significant positive diffusion effect.
[ Figure 6 ]
Conclusion
Many studies have widely accepted that there is a negative relationship between natural resource abundance and economic growth. Moreover, it is known that some socio-economic variables can affect this negative correlation as transmission channels. However, few empirical studies test 
